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NATIONAL FOREWORD 

This Indian Standard (Part 3) (First Revision) which is identical with ISO 4545-3 : 2005 'Metallic 
materials — Knoop hardness test — Part 3: Calibration of reference blocks' issued by the International 
Organization for Standardization (ISO) was adopted by the Bureau of Indian Standards on the 
recommendation of the Mechanical Testing of Metals Sectional Committee and approval of the 
Metallurgical Engineering Division Council. 

This standard was originally published as IS 7097 : 1973 'Method for calibration of standardized 
blocks for verification of knoop hardness testing machines'. This revision has been undertaken to 
harmonized it with the latest developments taken place at international level. The committee has 
now decided to adopt this standard under dual numbering system and make it align with ISO 4545-3 
which is published in four parts. Accordingly, this standard is published in four parts. The other parts 
in this series are: 

Part 1 Test method 

Part 2 Verification and calibration of testing machines 

Part 4 Table of hardness values 

This standard supersedes IS 7097 : 1 973 'Method for calibration of standardized blocks for verification 
of knoop hardness testing machines'. After the publication of this standard IS 7097 shall be treated 
as withdrawn. 

The text of ISO Standard has been approved as suitable for publication as an Indian Standard without 
deviations. Certain conventions are, however, not identical to those used in Indian Standards. Attention 
is particularly drawn to the following: 

a) Wherever the words 'International Standard' appear, referring to this standard, they should 
be read as 'Indian Standard'. 

b) Comma (,) has been used as a decimal marker while in Indian Standards the current 
practice is to use a point (.) as the decimal marker. 



In this adopted standard, reference appears to certain International Standards for which Indian 
Standards also exist. The corresponding Indian Standards which are to be substituted in their respective 
places are listed below along with their degree of equivalence for the editions indicated: 



International Standard 

ISO 376 : 2004 Metallic materials — 
Calibration of force-proving 
instruments used for the verification 
of uniaxial testing machines 

ISO 4247 : 1997 Geometrical 
products specifications (GPS) — 
Surface texture:Profile method — 
Terms, definitions and surface 
texture parameters 

ISO 4545-1 : 2005 Metallic materials 
— Knoop hardness test — Part 1 : 
Test method 



Corresponding Indian Standard 

IS 41 69 : 1 988 Method for calibration 
of force-proving instruments used for 
the verification of uniaxial testing 
machines {first revision) 

IS 15262 : 2002 Geometrical 
products specifications (GPS) — 
Surface texture: Profile method — 
Terms, definitions and surface 
texture parameters 

IS 6885 (Part 1) : 2011 Metallic 
materials — Knoop hardness test: 
Part 1 Test method (first revision) 



Degree of Equivalence 
Technically Equivalent 



Identical 



do 
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Indian Standard 
METALLIC MATERIALS — KNOOP HARDNESS TEST 

PART 3 CALIBRATION OF REFERENCE BLOCKS 

( First Revision ) 



1 Scope 

This part of ISO 4545 specifies tine metliod for tine calibration of reference blocks to be used for the indirect 
verification of Knoop hardness testing machines as specified in ISO 4545-2. 

The method Is applicable only for indentations with long diagonals ^ 0,020 mm. 



2 Normative references 

The following referenced documents are indispensable for the application of this document. For dated 
references, only the edition cited applies. For undated references, the latest edition of the referenced 
document (including any amendments) applies. 

ISO 376:2004, Metallic materials — Calibration of force-proving instruments used for the verification of 
uniaxial testing machines 

ISO 4287:1997, Geometrical Product Specifications (GPS) — Surface texture: Profile method — Terms, 
definitions and surface texture parameters 

ISO 4545-1 :2005, Metallic materials — Knoop hardness test — Part 1: Test method 

ISO 4545-2, Metallic materials — Knoop hardness test — Part 2: Verification and calibration of testing 
machines 



3 Manufacture of the block 

3.1 The block shall be specially manufactured for use as a hardness-reference block. 

NOTE Attention is drawn to the need to use a manufacturing process which will give the necessary homogeneity, 

stability of structure and uniformity of surface hardness. 

3.2 The reference block thickness shall be greater than twenty times the depth of indentation made with the 
certified test force. 

3.3 The reference blocks shall be free of magnetism. 

3.4 The maximum deviation in flatness of the surfaces shall not exceed 0,005 mm. 

3.5 The maximum error in parallelism shall not exceed 0,010 mm/50 mm. 
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3.6 The test surface shall be free from scratches which interfere with the measurement of the indentations. 
The surface roughness Ra shall not exceed 0,1 \im for the test surface. The sampling length L shall be 
0,80 mm (see ISO 4287:1997, 3.1 .9). 

3.7 To verify that no material is subsequently removed from the reference block, the thickness at the time of 
calibration shall be marked on it, to the nearest 0,1 mm, or an identifying mark shall be made on the test 
surface [see 8.1.e)]. 



4 Calibration machine 

4.1 In addition to fulfilling the general requirements specified in ISO 4545-2, the calibration machine shall 
also meet the requirements given in 4.2 to 4.7. 

NOTE Examples of procedures for adjustment of illumination systems are given in Annex A. 

4.2 The machine shall have been directly verified in intervals not exceeding 12 months. 
Direct verification involves: 

a) calibration of the test force; 

b) verification of the indenter; 

c) calibration of the measuring device; 

d) verification of the testing cycle; if this is not possible, at least the force versus time behaviour. 

4.3 The instruments used for verification and calibration shall be traceable to national standards. 

4.4 Each test force shall be measured three times using an elastic proving device (of ISO 376:2004, 
Class 0,5 or better), or by another method having the same or better accuracy. Each measurement shall 
agree with the nominal value to within + 0,5 %. 

4.5 The indenter shall meet the following requirements: 

a) The four faces of the diamond pyramid shall be highly polished and free from surface defects. 

b) The angles a and p (see ISO 4545-1:2005, Figure 1), between opposite edges at the vertex of the 
diamond pyramid, shall be (172,5 + 0,1)° and (130 + 0,1)°. 

The angle between the axis of the diamond pyramid and the axis of the indenter holder (normal to the seating 
surface) shall not exceed 0,3°. The four faces shall meet at a point; the length of any common junction 
between opposite faces being less than 0,3 |jm. 

4.6 The device for measuring the diagonal of the indentation shall permit estimation of the length of the 
diagonal to within + 0,1 |jm. 

The measuring device shall be calibrated against an accurately ruled line-scale (object micrometer) or a 
device of equivalent accuracy. The errors of the line-scale shall be known within an uncertainty of 0,02 |jm. 

The maximum permissible error of the measuring device shall be + 0,08 % or 0,3 |jm, whichever is greater. 

4.7 The maximum allowable vibrational acceleration reaching the machine shall be less than 0,005 g^ 
[gn being the acceleration due to gravity {g^ = 9,806 65 m/s^)]. 
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5 Calibration procedure 



The reference blocks shall be calibrated In a calibration machine as specified in Clause 4, at a temperature of 
(23 + 5) °C, using the general procedure described In ISO 4545-1 . 

During calibration, the thermal drift should not exceed 1 °C. 

The time from the Initial application of force until the full test force Is reached shall be between 5 s and 7 s. 
The approach velocity of the Indenter shall be within the range 15 ijm/s to 70 ijm/s. The duration of the test 
force shall be from 13 s to 15 s. 



6 Number of indentations 

On each reference block, a minimum of five Indentations shall be made, uniformly distributed over the test 
surface. 

To reduce the measurement uncertainty, more than 5 Indentations should be made. It Is recommended to 
make 10, 15 or 25 Indentations distributed over 5 locations on the reference block. 



7 Uniformity of hardness 

7.1 In the case of 25 Indentations, let d-^, d2, ..., t/25 be the values of the measured diagonals of the 
25 calibration Indentations, arranged In Increasing order of magnitude, and let 

-^d,+d2+... + d25 (^^ 

25 

The non-unlformlty, U, of the block under the particular conditions of calibration is characterized by 

U = d25-d^ (2) 

and is expressed as a percentage C/^gi of d as 

100(^25-^1) ,„. 

t^rel = J W) 

d 

7.2 The uniformity of the reference block Is satisfactory If (7^ 0,001 mm. If U> 0,001 mm, the uniformity of 
the reference block Is satisfactory when U^^^ Is less than or equal to the percentages Indicated In Table 1. 

7.3 The determination of the uncertainty of measurement of hardness-reference blocks Is given In Annex B. 



IS 6885 (Part 3): 2011 
ISO 4545-3 : 2005 



Table 1 



Hardness range of 


Test force 


Maximum permissible U^^^ 


reference blocks 


N 


% 


100 iS HKs:200 




8 


200 ^ HK « 250 
250 ^ HK ^ 650 


0,098 07 s;Fs; 0,980 7 


5 
4 


HK>650 




3 


100 s; HKs;250 




7 


250 < HK < 650 


0,980 7 <i^sc 4,903 


4 


HK > 650 




3 


100 5C HKs;250 




4 


250 < HK s; 650 


4,903 </^« 19,614 


3 


HK>650 




2 



8 Marking 

8.1 Each reference block shall be marked with the following particulars: 

a) arithmetic mean of the hardness values found in the calibration test, for example 249 HK 1 , if possible; 

b) name or mark of the supplier or manufacturer; 

c) serial number; 

d) name or mark of the calibrating agency; 

e) thickness of the block, or an identifying mark on the test surface (see 3.7); 

f) year of calibration, if not indicated in the serial number. 

8.2 Any mark put on the side of the block shall be the right way up when the test surface is the upper face. 

8.3 Each delivered reference block shall be accompanied with a document giving at least the following 
information: 

a) a reference to this part of ISO 4545; 

b) the identity of the block; 

c) the date of calibration; 

d) the arithmetic mean of the hardness values and the value characterizing the non-uniformity of the block; 

e) information about the location of the reference indentation and the value of the long diagonal. 



9 Validity 

The reference block is only valid for the scale for which it was calibrated. 

The calibration validity should be limited to a duration of 5 years. Attention is drawn to the fact that, for Al- and 
Cu-alloys, the calibration validity could be reduced to 2-3 years. 
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Annex A 

(informative) 

Adjustment of Kohler illumination systems 



A.I General 

While some optical systems are permanently aligned, others have means of minor adjustments. To gain the 
utmost in resolution, the following adjustments shall be made. 



A.2 Kohler illumination 

Focus, to critical sharpness, the surface of a flat polished specimen. 

Centre the illuminating source. 

Centrally align the field and aperture diaphragms. 

Open the field diaphragm so that it just disappears from the field of view. 

Remove the eyepiece and examine the rear focal plane of the objective. If all the components are in their 
proper places, the source of illumination and the aperture diaphragm will appear in sharp focus. 

A full-aperture diaphragm is preferred for maximum resolving power. If glare is excessive, reduce the 
aperture; but never use less than 3/4 of the opening, since resolution would be decreased and diffraction 
phenomena could lead to false measurements. 

If the light is too strong for eye comfort, reduce the intensity by using of an appropriate neutral density filter or 
rheostat control. 



IS 6885 (Part 3): 2011 
ISO 4545-3 : 2005 



Annex B 

(informative) 

Uncertainty of mean hardness value of hardness-reference blocks 



The metrological chain necessary to define and disseminate hardness scales is shown in Figure B.1 in 
130 4545-1:2005. 



B.1 Direct verification of the hardness-calibration machine 

B.1 .1 Calibration of the test force 

See ISO 4545-2:2005, Annex B. 

B.1. 2 Calibration of the optical measuring device 

See ISO 4545-2:2005, Annex B. 

B.1. 3 Verification of the indenter 

See ISO 4545-2:2005, Annex B. 

B.1 .4 Verification of the test cycle 

See ISO 4545-2:2005, Annex B. 

B.2 Indirect calibration of the hardness-calibration machine 

By indirect verification with primary hardness-reference biocl<s, the overall function of the hardness-calibration 
machine is checked and the repeatability, as well as the deviation of the hardness-calibration machine from 
the actual hardness value, are determined. 

The uncertainty of measurement of the indirect calibration of the hardness-calibration machine follows from 
the equation: 

V2 2 2 2 

"CRM-P +"xCRM-1 +"CRM-D +"ms {^-1) 

where 

"CRM-P '2 *'^^ calibration uncertainty of the primary hardness-reference block, according to the 
calibration certificate for ^ = 1 ; 

"xCRM-1 '2 *'^^ standard deviation of the hardness-calibration machine due to its repeatability; 

"CRM-D '2 *'^^ hardness change of the primary hardness-reference block since its last calibration due to 
drift; 

M^g is the uncertainty due to the resolution of the hardness-calibration machine. 
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EXAMPLE 

Primary iiardness-reference blocl<: 

Uncertainty of measurement of tlie primary liardness-reference blocl< {k= ^} 

Time drift of tlie primary liardness-reference blocl< 

Resolution of tlie optical measuring device 



402,1 HK1 
t(cRM = + 6,0HK 

MCRM-D = 



Table B.1 — Results of the indirect verification 



No. 


Measured indentation diagonal d 

mm 


Calculated hardness value H 


1 


0,188 


402,6 


2 


0.187 5,i, 


404,7,3, 


3 


0,187 9 


403,0 


4 


0,1884 


400,9 


5 


0.188 8,3, 


399.2.in 


Mean value H 


0,188 1 


402,1 


Standard deviation .?jcrm-i 


0,000 50 


2,1 


Standard uncertainty of 
measurement m^qr^.-i 


0,000 26 


1,08 


^ HK: Knoop hardness 



( ■ ■^xCRM-1 1 nR 
"xCRM-1 T I 'Uo 



(B.2) 



(r=1,14for« = 5) 





Table B.2 — Budget of uncertainty of measurement 




Quantity 


Estimated value 


Standard 
uncertainty of 
measurement 

«(x,) 


Distribution type 


Sensitivity 
coefficient 


Uncertainty 
contribution 

HK 


"CRM 


402,1 


6,0 HK 


Normal 


1,0 


6,0 


"xCRM-1 





1,08 HK 


Normal 


1,0 


1,08 


"ms 





0,000 029 mm 


Rectangular 


4275,4 3 


0,12 


"CRM-D 





OHK 


Triangular 


1,0 





Combined l 


jncertainty of measurement mcm 




6,1 


HK: Knoop hardness. 

^ The sensitivity coefficient follows from: 
c = dH/dd = 2(Hld) 
for// = 402,1 HK,rf = 0,1881 mm 






(B.3) 
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B.3 Uncertainty of measurement of hardness-reference blocks 

The uncertainty of measurement of hardness-reference blocks follows from the equation: 

I 2 2 

"CRM = V^CM + "xCRM-2 (^-4) 

where 

McRM calibration uncertainty of hardness-reference blocks; 

"xCRM-2 standard deviation due to the inhomogeneity of the hardness distribution on the hardness- 
reference block; 

mqi^ see Equation B.1. 

Table B.3 — Determination of thie inhiomogeneity of the hardness-reference block 



No. 


Measured indentation diagonal d 

mm 


Calculated hardness value //q^;^ 

HK 


1 


0,188 1 


402,2 


2 


0.187 6,i, 


404,3,3, 


3 


0,1882 


401,7 


4 


0.188 5,3, 


400,5,i, 


5 


0,1876 


404,3 


Mean value H 


0,188 


402,6 


Standard deviation .?^crm-2 


0,000 39 


1,69 


HK: Knoop hardness. 



Standard uncertainty of CRM 

_ ' • ■^xCRM-2 
";cCRM-2 r 

with t=^,^4 and n = 5: 
«xCRM-2 = 0.86 HK 



{B.5) 



Table B.4 - 


- Uncertainty of measurement of the hardness-reference block 


Hardness of hardness- 
reference block //cRM 

HK 


Inhomogeneity of the 
hardness-reference block 

"xCRM-2 

HK 


Uncertainty of 

measurement of primary 

hardness-calibration 

machine uq^ 

HK 


Expanded calibration 
uncertainty of hardness- 
reference block C/QRiy 

HK 


402,1 


0,86 


6,1 


12,3 


HK: Knoop hardness. 



with 



U 



CRM 



l^ju 



2 

CM 



"xCRM-2 



{B.6) 
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International Standard 

ISO 4545-2 : 2005 Metallic materials 
— Knoop hardness test — Part 2: 
Verification and calibration of testing 
machines 



Corresponding Indian Standard 

IS 6885 (Part 2) : 2011 Metallic 
materials — Knoop hardness test: 
Part 2 Verification and calibration 
of testing machines {first revision) 



Degree of Equivalence 
Identical 



In reporting the results of a test or analysis made in accordance with this standard, if the final value, 
observed or calculated, is to be rounded off, it shall be done in accordance with IS 2 : 1 960 'Rules for 
rounding off numerical values {revised)'. 



Bureau of Indian Standards 

BIS is a statutory institution establislned under tine Bureau of Indian Standards Act, 1 986 to promote 
harmonious development of the activities of standardization, marking and quality certification of goods 
and attending to connected matters in the country. 

Copyright 

BIS has the copyright of all its publications. No part of these publications may be reproduced in any form 
without the prior permission in writing of BIS. This does not preclude the free use, in course of imple- 
menting the standard, of necessary details, such as symbols and sizes, type or grade designations. 
Enquiries relating to copyright be addressed to the Director (Publications), BIS. 

Review of Indian Standards 

Amendments are issued to standards as the need arises on the basis of comments. Standards are also 
reviewed periodically; a standard along with amendments is reaffirmed when such review indicates that 
no changes are needed; if the review indicates that changes are needed, it is taken up for revision. Users 
of Indian Standards should ascertain that they are in possession of the latest amendments or edition by 
referring to the latest issue of 'BIS Catalogue' and 'Standards: Monthly Additions'. 

This Indian Standard has been developed from Doc No. : MTD 3 (4893). 
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